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MANAGEMENT SYSTEM FOR THE OPERATION OF A WIND TURBINE 



[0001] The invention relates to a management system for the operation of a 
wind turbine, which regulates the power output of the turbine. 



[0002] Generic management systems are used in wind turbines comprising a 
rotor with at least one rotor blade, wherein the rotor blade is positioned at an 
adjustable angle to the rotor. The management system regulates the rotor speed 
within a predefined wind speed range by varying the rotor blade angle in order to 
set a nominal output. 

[0003] If a wind turbine is operated while wind speeds are too high, the turbine 
may be destroyed by the high mechanical load. For that reason, generic 
management systems are designed such that they turn off the turbine in excess of 
a defined turn-off wind speed, wherein the turbine is preferably not turned off in an 
abrupt manner, but by slowly reducing the output. For example, a generic 
management system is disclosed in DE 195 32 409 Al. 

[0004] DE 198 44 258 Al also discloses a management system which is used to 
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reduce the output as soon as the wind speed reaches a predefined value. Herein, 
reduction in output is also achieved by varying the rotor blade angle. However, 
reduction in output is already initiated when a wind speed threshold value is 
reached, wherein the wind speed threshold value is lower than the turn-off wind 
speed. 

[0005] The reduction in output is intended to reduce the mechanical load 
exerted on the turbine, wherein said mechanical load rises with increasing wind 
speed; thereby, the turbine can be designed with less powerful dimensions, thus 
also permitting lowering of costs. 

[0006] Both of the management systems described above start to reduce the 
output as soon as a defined wind-speed-dependent threshold value is reached. 
Said threshold value is based on the wind speed measured. Usually, the wind 
speed is measured by means of a nacelle anemometer. This measurement method 
is relatively inaccurate and, thus, fails to provide a good indicator of the load 
exerted on the turbine. 

[0007] For that reason, the threshold value in excess of which the management 
system reduces the output a wind turbine should not be based on the wind speed 
measured but on an input variable that can be determined more easily, both 
physically and with regard to the controller used. 
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[0008] The present invention aims at creating a management system that uses 
a threshold value with the features mentioned above. 

[0009] As is the case with the generic management system, the management 
system according to the invention is also used in wind turbines which comprise a 
rotor with adjustable rotor blades, wherein the management system is designed 
such that it regulates the rotor speed within a predefined wind speed range by 
varying the rotor blade angle in order to set a nominal output. 
[0010] To this end, the rotor blade angle is increased once the nominal speed is 
reached with increasing wind speed, whereby the nominal speed and, thus, the 
nominal output as well can be maintained despite increasing wind speed, as has 
already been described above. The management system starts to reduce the 
output as soon as a defined wind-speed-dependent threshold value is reached. 
[0011] Therein, the management system according to the invention uses a 
defined rotor blade limiting angle as threshold value. Said rotor blade limiting angle 
is the rotor blade angle that results at a wind force corresponding to the turn-off 
wind speed and is used to set the nominal output. The rotor blade limiting angle is 
depending on the particular rotor blade used and can be determined empirically by 
measurements and/or simulations. 

[0012] Using the rotor blade limiting angle as threshold value is to advantage in 
that it is an input variable that can be determined easily by the controller used, 
because the rotor blade angle is already known from the set nominal output. 
Furthermore, the rotor blade limiting angle is a direct indicator of the current load 



3 of 6 



Substitute Specrfication 

Serial No. 10/541699 

Filed July 7, 2005 

Attorney Docket No. SCH-16126 

Customer No. 40854 

Page 4 of 6 

exerted on the turbine, thus representing an input variable for the reduction of said 
load that is more reliable than the indirectly measured wind speed. 
[0013] In a preferred embodiment of the invention, the present management 
system is designed such that the output is reduced by further varying the rotor 
blade angle once the rotor blade limiting angle is exceeded. Herein, the angle of the 
rotor blade to the rotor is increased. 

[0014] This is to advantage in that the turbine is not turned off promptly when 
the turn-off wind speed is reached, but the power output is reduced slowly until a 
turn-off output is reached and the turbine can be disconnected from the power 
supply. On the one hand, this procedure provides the advantage of a better 
compatibility with the external power supply system. On the other hand, it allows an 
extended power curve and an improved energy yield. 

[0015] In a further preferred embodiment, the present management system is 
designed such that the rotor blade angle is maintained at a largely constant value 
until the nominal output is reached. 

[0016] After the nominal output has been reached, the present management 
system is designed such that the rotor blade angle is set in relation to the wind 
speed, i.e. the rotor blade angle is increased or reduced depending on the wind 
speed value, in order to maintain the nominal output at a constant value. 
[0017] The management system according to the invention regulates the power 
output of a wind turbine in excess of the turn-off speed in an advantageous manner, 
i.e. in relation to the rotor blade angle only. Any additional measurement variables, 
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such as the wind speed which, owing to unfavorable conditions, can be determined 
only difficultly and are, therefore, often inaccurate, are not necessary any longer. 



BRIEF DESCRIPTION OF THE DRAWINGS 



[0018] Below, the invention will be illustrated in more detail by means of two 
figures. In the figures: 

[0019] Figure 1 is a front view of a wind turbine; and 

[0020] Figure 2 is a schematic diagram representing the regulation of the 

nominal output in relation to the rotor blade angle. 



DETAILED DESCRIPTION OF THE INVENTION 



[0021] Figure 1 is the top view of a wind turbine (1 ) with a tower (2) that is set up 
on the ground and at the top of which a rotatable nacelle carries a rotor (3) that 
rotates about a horizontal axis and comprises three rotor blades (5), wherein said 
rotor blades are positioned at an adjustable angle to the rotor. 
[0022] Figure 2 is a schematic diagram representing the regulation of the 
nominal output in relation to the rotor blade angle, wherein it is assumed that the 
wind speed is rising steadily. 

[0023] At point 1 in Fig. 2, the turbine starts running. Between point 1 and point 
2, the turbine follows a torque-speed characteristic of a generator provided in the 
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turbine, until the nominal output is reached. The rotor blade angle is not changed in 
this stage. At point 2, the turbine has reached the nominal output. 
[0024] Once point 2 has been exceeded, the wind speed is higher than 
necessary for generating the nominal output; for that reason, the management 
system starts to regulate the output via the rotor blade angle. To achieve this, the 
management system increases the rotor blade angle, whereby the lift of the rotor 
blades is lowered and the rotor speed and, thus, the output is reduced. As a result, 
a constant nominal power can be output by varying the rotor blade angle. 
[0025] As shown between points 2 and 3 in Fig. 2, the rotor blade angle is 
steadily increased with rising wind speed to ensure that the nominal output of the 
turbine remains at a constant value. At point 3, the wind speed reaches a value 
where the management system adjusts the rotor blade to an angle corresponding 
to a limiting angle represented in Fig. 2. Once the limiting angle is exceeded, the 
management system starts to reduce the output of the turbine. To achieve this, the 
rotor blade angle is increased such that the power output is steadily reduced until 
the turbine reaches a turn-off output as shown at point 4 in Fig. 2. 
[0026] In further embodiments of the invention, the output can also be reduced 
in a different manner, for example in the form of steps or exponentially. 
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MANAGEMENT SYSTEM FOR THE OPERATION OF A WIND TURBINE 

BACKGROUND OF THE INVENTION 
1 . FIELD OF THE INVENTION 

[0001] The invention relates to a management system for the operation of a 
wind turbine, which regulates the power output of the turbine. 

2. DESCRIPTION OF RELATED ART 

[0002] Generic management systems are used in wind turbines comprising a 
rotor with at least one rotor blade, wherein the rotor blade is positioned at an 
adjustable angle to the rotor. The management system regulates the rotor speed 
within a predefined wind speed range by varying the rotor blade angle in order to 
set a nominal output. 

[0003] If a wind turbine is operated while wind speeds are too high, the turbine 
may be destroyed by the high mechanical load. For that reason, generic 
management systems are designed such that they turn off the turbine in excess of 
a defined turn-off wind speed, wherein the turbine is preferably not turned off in an 
abrupt manner, but by slowly reducing the output. For example, a generic 
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management system is disclosed in DE 195 32 409 Al. 

[0004] DE 1 98 44 258 Al also discloses a management system which is used to 
reduce the output as soon as the wind speed reaches a predefined value. Herein, 
reduction in output is also achieved by varying the rotor blade angle. However, 
reduction in output is already initiated when a wind speed threshold value is 
reached, wherein the wind speed threshold value is lower than the turn-off wind 
speed. 

[0005] The reduction in output is intended to reduce the mechanical load 
exerted on the turbine, wherein said mechanical load rises with increasing wind 
speed; thereby, the turbine can be designed with less powerful dimensions, thus 
also permitting lowering of costs. 

[0006] Both of the management systems described above start to reduce the 
output as soon as a defined wind-speed-dependent threshold value is reached. 
Said threshold value is based on the wind speed measured. Usually, the wind 
speed is measured by means of a nacelle anemometer. This measurement method 
is relatively inaccurate and, thus, fails to provide a good indicator of the load 
exerted on the turbine. 

[0007] For that reason, the threshold value in excess of which the management 
system reduces the output a wind turbine should not be based on the wind speed 
measured but on an input variable that can be determined more easily, both 
physically and with regard to the controller used. 
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BRIEF SUMMARY OF THE INVENTION 

[0008] The present invention aims at creating a management system that uses 
a threshold value with the features mentioned above. 

This prob le m i s so l v e d by a manag e m e nt syst e m compr i s i ng th e ele m e nts 
of C l a i m 1. 

[0009] As is the case with the generic management system, the management 
system according to the invention is also used in wind turbines which comprise a 
rotor with adjustable rotor blades, wherein the management system is designed 
such that it regulates the rotor speed within a predefined wind speed range by 
varying the rotor blade angle in order to set a nominal output. 
[0010] To this end, the rotor blade angle is increased once the nominal speed is 
reached with increasing wind speed, whereby the nominal speed and, thus, the 
nominal output as well can be maintained despite increasing wind speed, as has 
already been described above. The management system starts to reduce the 
output as soon as a defined wind-speed-dependent threshold value is reached. 
[0011] Therein, the management system according to the invention uses a 
defined rotor blade limiting angle as threshold value. Said rotor blade limiting angle 
is the rotor blade angle that results at a wind force corresponding to the turn-off 
wind speed and is used to set the nominal output. The rotor blade limiting angle is 
depending on the particular rotor blade used and can be determined empirically by 
measurements and/or simulations. 
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[0012] Using the rotor blade limiting angle as threshold value is to advantage in 
that it is an input variable that can be determined easily by the controller used, 
because the rotor blade angle is already known from the set nominal output. 
Furthermore, the rotor blade limiting angle is a direct indicator of the current load 
exerted on the turbine, thus representing an input variable for the reduction of said 
load that is more reliable than the indirectly measured wind speed. 
[0013] In a preferred embodiment of the invention, the present management 
system according to Cla i m 2 is designed such that the output is reduced by further 
varying the rotor blade angle once the rotor blade limiting angle is exceeded. 
Herein, the angle of the rotor blade to the rotor is increased according to C l aim 3 . 
[0014] This is to advantage in that the turbine is not turned off promptly when 
the turn-off wind speed is reached, but the power output is reduced slowly until a 
turn-off output is reached and the turbine can be disconnected from the power 
supply. On the one hand, this procedure provides the advantage of a better 
compatibility with the external power supply system. On the other hand, it allows an 
extended power curve and an improved energy yield. 

[0015] In a further preferred embodiment, the present management system 
according to C l a i m A is designed such that the rotor blade angle is maintained at a 
largely constant value until the nominal output is reached. 
[0016] After the nominal output has been reached, the present management 
system accord i ng to Claim A is designed such that the rotor blade angle is set in 
relation to the wind speed, i.e. the rotor blade angle is increased or reduced 
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depending on the wind speed value, in order to maintain the nominal output at a 



constant value. 



[0017] The management system according to the invention regulates the power 



output of a wind turbine in excess of the turn-off speed in an advantageous manner, 



i.e. in relation to the rotor blade angle only. Any additional measurement variables, 



such as the wind speed which, owing to unfavorable conditions, can be determined 



only difficultly and are, therefore, often inaccurate, are not necessary any longer. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] Below, the invention will be illustrated in more detail by means of two 
figures. In the figures: 

[0019] Figure 1 is a front view of a wind turbine; and 

[0020] Figure 2 is a schematic diagram representing the regulation of the 

nominal output in relation to the rotor blade angle. 



DETAILED DESCRIPTION OF THE INVENTION 



[0021] Figure 1 is the top view of a wind turbine (1) with a tower (2) that is set up 
on the ground and at the top of which a rotatable nacelle carries a rotor (3) that 
rotates about a horizontal axis and comprises three rotor blades (5), wherein said 
rotor blades are positioned at an adjustable angle to the rotor. 
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[0022] Figure 2 is a schematic diagram representing the regulation of the 
nominal output in relation to the rotor blade angle, wherein it is assumed that the 
wind speed is rising steadily. 

[0023] At point 1 in Fig. 2, the turbine starts running. Between point 1 and point 
2, the turbine follows a torque-speed characteristic of a generator provided in the 
turbine, until the nominal output is reached. The rotor blade angle is not changed in 
this stage. At point 2, the turbine has reached the nominal output. 
[0024] Once point 2 has been exceeded, the wind speed is higher than 
necessary for generating the nominal output; for that reason, the management 
system starts to regulate the output via the rotor blade angle. To achieve this, the 
management system increases the rotor blade angle, whereby the lift of the rotor 
blades is lowered and the rotor speed and, thus, the output is reduced. As a result, 
a constant nominal power can be output by varying the rotor blade angle. 
[0025] As shown between points 2 and 3 in Fig. 2, the rotor blade angle is 
steadily increased with rising wind speed to ensure that the nominal output of the 
turbine remains at a constant value. At point 3, the wind speed reaches a value 
where the management system adjusts the rotor blade to an angle corresponding 
to a limiting angle represented in Fig. 2. Once the limiting angle is exceeded, the 
management system starts to reduce the output of the turbine. To achieve this, the 
rotor blade angle is increased such that the power output is steadily reduced until 
the turbine reaches a turn-off output as shown at point 4 in Fig. 2. 
[0026] In further embodiments of the invention, the output can also be reduced 
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in a different manner, for example in the form of steps or exponentially. 
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